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(g) Adjustment apparatus for video display means. 

(57) Disclosed is the invention offering an ap- 
paratus and a method for adjusting video dis- 
play, with no need to determine precisely the 
positional relationship between an image "input 
member and the video display area of a projec- 
tor or monitor while the latter device is being 
adjusted for video display by detecting beam 
positions. The entire video display area is 
photographed by image input, means. The video 
display area information thus obtained is rep- 
resented by the coordinates, in a memory, of 
four points enclosing the area. The memory 
coordinates of first points to be obtained based 
on a reference image are calculated from the 
coordinates of these four points. The coordi- 
nates of the first points are compared with 
those of the second points determined with 
respect to the reference image. The result is 
used to operate a system controller for adjust- 
ment and control of video display. 
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The present invention relates to an apparatus and 
a method for automatically adjusting the convergence 
(registration) and raster distortion in display devices 
such as projectors. 

Whenever the monitor, projector or similar 
apparatus fails to have its red, green and blue beams 
converge on its screen (or on the fluorescent screen 
of a CRT), the reproduced image is necessarily poor 
in quality. To overcome such trouble requires adjust- 
ing the image distortion/convergence (called regis- 
tration adjustment). 

This kind of adjustment is accomplished by 
detecting the positions of the red, green and blue 
beams on the screen and by having them converge on 
predetermined absolute positions. Specifically, a pro- 
jector may have a TV camera set up to photograph the 
screen on which to project images. On the screen, the 
TV camera takes pictures of dot patterns, round pat- 
terns or other appropriate images for adjustment. The 
taken image signals (luminance data) are stored in a 
frame memory. The stored data are used to calculate 
beam positions. The calculated beam positions are 
compared with, and are made to converge on, pre- 
determined absolute positions (i.e., the positions 
where the beams ought to be, obtained from the lumi- 
nance data derived from the picture taking). Under the 
above scheme, the beam positions are represented 
ideally by coordinate positions in the frame memory. 

One disadvantage of the above conventional 
scheme is that the screen and the TV camera must 
remain constant in relative position to each other 
while the TV camera takes in the image adjusting 
information from the screen so that the beam posi- 
tions may be detected from that information. The 
absolute positions, with reference to which the beam 
positions detected as coordinate positions in the 
frame memory are adjusted, must also be represen- 
ted by coordinates in the frame memory. Unless the 
screen and the TV camera stay constant in relative 
position to each other, no absolute position on the 
screen can be represented by frame memory coordi- 
nates. Without absolute positions, it is obviously 
impossible to cause the red, green and blue beams 
derived from the screen image to converge on any 
absolute reference position. Thus with the prior art. 
the above requirement must always be met: the 
screen and the TV camera must remain constant in 
relative position to each other. Otherwise, there is no 
way to adjust the image distortion/convergence (regi- 
stration adjustment) whereby the red, green and blue 
beams are made to converge on reference absolute 
positions. 

Consequently, the adjustment process based on 
the detected beam positions presupposes very strict 
positional designation of the screen and TV camera 
with respect to each other. This is not an easy task to 
accomplish. 

!n the case of a large-screen monitor, the adjust- 



ment of image distortion/convergence also presup- 
poses the fulfillment of the above projector-associa- 
ted requirement. That is, the screen and the TV 
camera must be positioned with strict precision to 
5 each other. 

It is therefore an object of the present invention to 
reduce the above and other deficiencies and disad- 
vantages of the prior art, and to improve upon the prior 
art. 

w According to the present invention, there is pro- 

vided an adjustment apparatus for use with a video 
display having a display member for displaying an 
image, said apparatus comprising: an image input 
member for producing image data corresponding to a 

15 displayed image and its immediate surroundings; 
means responsive to said image data to control said 
display member so as to adjust the position of said 
displayed image relative to its immediate surround- 
ings. 

20 Further, according to the present invention, there 

is provided a method of adjusting a video display hav- 
ing a display member for displaying an image, said 
method comprising the steps of: producing image 
data corresponding to a displayed image and its 

25 immediate surroundings; responding to said image 
data to control said display member so as to adjust the 
position of the displayed image relative to its 
immediate surroundings. 

Hence, the immediate surroundings provide 

30 images which are fixed and can be used to adjust dis- 
play images relative thereto. Preferably, the frame or 
part of the frame of the display may be used as a refer- 
ence by which to move the displayed image and, for 
example, the comers or sides of a screen on which the 

35 image is displayed may be used or of a cathode ray 
tube or liquid crystal display. 

Additionally, according to the present invention, 
there is provided an adjustment apparatus for video 
display, comprising: a display member for displaying 

40 a video image; and image input member for taking the 
displayed image from the display member; a memory 
member for memorizing the image taken by the image 
input member; a calculating member for calculating 
position data from the memorized data in the memory 

45 member; a signal generating member for generating 
a video signal for adjustment of the display member; 
and a system control member for controlling the signal 
generating member. 

In one preferred structure according to the inven- 

so tion, the calculating member calculates four edge 
positions of the video image taken from the display 
member. 

With this structure, the display member may be a 
video projector, having a projecting member and a 
55 screen 

Also with this structure, the display member may 
be a cathode ray tube or,a liquid crystal display. 

Additionally, according to the invention, there is 
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provided an adjustment method for video display, 
comprising the steps of: displaying a predetermined 
pattern; taking a video image of the displayed pre- 
determined pattern; memorizing the taken image; cal- 
culating positions from the memorized data; 
controlling the generation of a signal from the calcu- 
lated data; generating an adjustment pattern control- 
led by the calculated data: and displaying the signal 
generated as an adjustment pattern again. 

With one preferred adjustment method according 
to the invention, the position calculating step calcu- 
lates four edge positions of the taken video image. 

With another preferred adjustment method, the 
position calculating step calculates first reference 
positions from the four edge positions and second 
reference positions from the memorized data. 

That part of the video display area which is taken 
in by the image input member as a video signal (i.e., 
partial region of the screen or monitor) is represented 
by coordinates in the frame memory. At the same 
time, a pattern image shown as an adjustment pattern 
on the screen (of monitor, etc.) is also represented by 
frame memory coordinates. In this manner, every time 
the screen (of monitor, etc.) and the image input mem- 
ber such as a TV camera are established in approp- 
riate relative position to each other, the image display 
area and the adjustment pattern are also fixed in rela- 
tive position to each other in terms of frame memory 
coordinates. 

The absolute positions, with reference to which 
adjustments are carried out in a video display -area, 
are calculated from four points representing that video 
display area. This establishes the beam positions with 
respect to the^absolute positions, the beam positions 
having being detected from the pattern image. The 
scheme eliminates the need for precisely setting up 
the relative positional relationship between the screen 
(of monitor, etc.) and the image input member such as 
a TV camera every time a screening session is to take 
place. 

7 The invention will be more clearly understood 

from the following description, given by way of examl- 
ple only, with reference to the accompanying draw- 
ings in which: 

Fig. 1 is a block diagram of a projector incorporat- 
ing an embodiment of the invention; 
Fig. 2 is a view showing how the embodiment 
divides a screen; 

Fig. 3 is a view depicting the center point of each 
of the screen regions obtained with the embodi- 
ment as it divides the screen; 
Fig. 4 is a flowchart describing how a system con- 
troller of the embodiment operates; 
Fig. 5 is a view indicating screen data held in a 
frame memory of the embodiment; 
Fig. 6 is a view showing absolute positions calcu- 
lated from four positions representing a video dis- 
play area; 



Fig. 7 is a view depicting a typical adjustment pat- 
tern image given by the embodiment; 
Fig. 8 is a view describing pattern image data held 
in a frame memory of the embodiment; 
5 Fig. 9 is a flowchart indicating how the CPU of the 

embodiment operates; 

Fig. 10 is a view, showing how the CPU of the 
embodiment calculates a center of gravity; and 
Fig. 11 is a view depicting how the CPU of the 
w embodiment calculates another center of gravity. 

Fig. 1 is a block diagram of a projector incorporat- 
ing an apparatus and a method for video display 
adjustment practiced as the preferred embodiment of 
the invention. In Fig. 1 , reference numeral 1 is a video 
15 signal processor, a circuit system for processing a 
video signal V reproduced by a projector PR; 10, 20 
and 30 are high luminance monochromatic projection 
tubes having display surfaces C containing red, green 
and blue luminescent films, respectively; and 11, 21 
20 and 31 are lens systems allowing the monochromatic 
projection tubes to form video images on a screen 40. 
With each monochromatic projection tube, reference 
character E stands for an electron gun and D for a def- 
lector. 

25 In the projector PR, the projection tubes 10, 20 

and 30 are supplied respectively with red, green and 
blue video signals from the video signal processor 1 . 
The video signals modulate the electron beams of the 
projection tubes so that the monochromatic images 
30 reproduced on the display surfaces C are overlaid via 
the lens systems 11, 21 and 31 onto the screen 40 
where a composite color video image will be formed. 

A pattern generator 50 outputs pattern video sig- 
nals such as those round and dot patterns for adjust- 
35 ment which are needed to detect beam positions upon 
adjustment of registration and other characteristics. 
The output of the pattern generator 50 is fed via the 
video signal processor 1 to the red, green and blue 
beam projection tubes 1 0, 20 and 30 so that the tubes 
40 will form their respective monochromatic pattern 
video images. ? 

A TV camera 51 is located so as to take pictures 
of the entire screen 40. The screen 40 has a video dis- 
play area 40a enclosed by a frame 40b, the area 
45 showing video images. Such video images are taken 
in by the TV camera 51 and are converted to a video 
signal (luminance data) via a signal processor 52. 

An AID converter 53 converts the output of the 
signal processor 52 from analog to digital format at a 
so predetermined timing. A frame memory 54 accommo- 
dates the luminance signal after its conversion to digi- 
tal data. 

A central processing unit (CPU) 55 performs cal- 
culations on the basis of the data stored in the frame 
55 memory 54. These calculations will be described later 
in more detail. 

A system controller 56 is a microcomputer-based 
controller that controls the operations of the A/D con- 
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verter 53, frame memory 54, CPU 55 and pattern 
generator 50. The system controller 56 also controls 
registration adjusting means, not shown, for automa- 
tic registration adjustment regarding each electron 
beam. This adjustment is carried out to converge the 
electron beams. 

The above-described physical embodiment 
adjusts registration illustratively on the basis of,detec- 
ted beam positions. The registration adjustment invol- 
ves converging the red, green and blue beams in ail 
divided regions, at the center as well as in the 
periphery, of the video display area 40a so that a high 
quality video image will be obtained. To accomplish 
this adjustment illustratively requires dividing the 
video display area 40a into a predetermined number 
of regions. Beam positions are detected in each 
divided region. The detected beam positions are 
made to converge on the positions that are 
established as the appropriate beam positions. 

Illustratively, the video display area 4pa of the 
screen 40 is divided into regions a, through a 25 , as 
shown in Fig. 2. The regions a 1 through a 25 have their 
respective center points, indicated as C A through C 2 s 
in Fig. 3. 

Below is a description, with reference to the flow- 
chart of Fig. 4, of how the system controller 56 oper- 
ates so as to converge the center points of the red, 
green and blue beams on the point C-,. 

In step F101, the TV camera 51 takes in the 
screen 40 as it has no image projected thereon, the 
resulting video signal (luminance information) being 
converted from analog to digital format before storage 
into the frame memory 54. The screen 40 and the TV 
camera 51 need not be positioned with precision rela- 
tive to each other. They are only positioned so that the 
camera 51 may photograph the entire screen 40. That 
is, the image taken of the screen 40 does not neces- 
sarily represent the screen 40 as it actually is; an 
image 40m of the screen 40 stored in the frame mem- 
ory 54 can be inclined, or the scales of the sides may 
fail toimatch, as depicted in Fig. 5. 

In step F1 02, the four corner positions P^ through 
P 4 of the screen image 40m are detected. Since the 
screen 40 is enclosed by the frame 40b as described, 
the CPU 55 takes in the luminance information from 
the frame memory is for image processing. This per- 
mits easy detection of the four corner positions P A 
through P A of the screen image 40m. That is, the CPU 
55 detects the four positions as coordinate values 
(H p1 , V p1 ). (H p2 , V p2 ), (Hps, V p3 ) and (H^, V^) in the 
frame memory 54. 

Once the coordinate range of the screen image 
40m is known, ail positions within the video display 
area may be calculated and represented in terms of 
coordinates in the frame memory 54. For example, the 
center points through C 25 of the regions a^ through 
a 2 5 in Fig. 3 are geometrically calculated from the 
coordinate values of P n through P 4 and represented in 



coordinates. That is, the coordinates of (H c1 , V c1 ) 
through (H c2 5, V c25 ) represent all center points C 1m 
through C 25m of the regions making up the screen 
image 40m, these center points being held in the 

5 frame memory 54 and corresponding to the actual 
center points C, through C 25 of the screen 40. 

Thus the CPU 55 calculates the center points C 1m 
through C 25m as coordinates in step F103. In step 
F104, the values of the coordinates (H c1 , V c1 ) through 

10 (H c2 :, V^) are taken in by the system controller 56 as 
absolute positions that provide reference to adjust- 
ments; the coordinate values are held in an internal 
. work RAM. 

Once the coordinates (H c1 , V c1 ) through (H^s, 

*5 V^) of the center points C 1m through C 25m in the 
frame memory 54 are obtained, the beam center posi- 
tion in each of the target regions (a^ through a 25 ) on 
each of the CRT's 10, 20 and 30 is acquired as coor- 
dinates in the frame memory 54. Then registration is 

20 adjusted in such a manner that the coordinates will 
converge respectively on the center points C 1m 
through C 25m . This completes the adjustment pro- 
cess.. 

"Illustratively, the CRT 1 0 is adjusted for the region 
25 a, as follows. In step F105, the system controller 56 
gets the pattern generator 50 to output a video signal 
representing a round pattern Q whose center point is 
Cj of the region a, on the screen 40, as shown in Fig. 
7. This round pattern is output as a red image given 
30 by trie red signal alone. The CRTs 20 and 30 are not 
used here. 

The TV camera 51 takes picture of the screen 40 
bearing the image of Fig. 7, the resulting video signal 
(luminance information) being converted from analog 

35 to digital format and stored into the frame memory 54 
in step F106. The frame memory 54 stores the image 
of the round pattern Q as it turns into a deformed 
round pattern Qm when projected onto the screen 40, 
as shown in Fig. 8. The inclination and the scales of 

40 the sides regarding the pattern Qm are different from 
those of the actual round pattern on the screen. The 
stored image, corresponding to the true round pattern 
Q on the screen 40, is the same as the screen image 
obtained in step F101. The image of the round pattern 

45 Qm typically appears elliptical or similarly deformed. 

The center of gravity of the deformed round pat- 
tern Qm is then obtained. The coordinates of the 
center of gravity are those in the frame memory 54 
which represent the beam center position of the CRT 

50 1 in the region a 1a The reason for this is thatthe center 
of gravity of a circle remains unchanged even if the 
image thereof develops a rotational divergence due to 
a misalignment of the projector P or to a skew-caused 
pattern deformation. For the same reason, although 

55 the image of a true circle may be perceived illustra- 
tively as elliptical, the center of the true circle still coin- 
cides with the center of gravity of the elliptical or 
otherwise deformed circle. 
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In step F107, the CPU 55 calculates horizontal 
and vertical luminance distribution data from the data 
in the frame memory 54, and finds the centers of 
gravity for the horizontal and the vertical luminance 
distribution data thus calculated. The two-stage cal- 
culation process provides the center of gravity for the 
round pattern projected on the screen 40, i.e., the 
beam center position of the CRT 10 in the region a t . 

An example of the calculations by the CPU 55 in 
step F107 will now be described with reference to the 
flowchart of Fig. 9 and to Figs. 10 and 11. In sub-step 
F107a, of the data placed in the frame memory 54 in 
step F106 of Fig. 4, those data on the region enclosed 
by positions P 1f P 2 , P 3 and P* are read into the CPU 
55 under control of the system controller 56. The 
enclosed region corresponds to the video display are 
50a of the screen 40. The read data are accumulated 
in the vertical direction, in sub-step F107b, so as to 
find horizontal luminance distribution data h D (Fig. 9).. 

Where the horizontal luminance distribution data 
h D are to be acquired, the number of pixels Dmn 
(Dn, ... D MN ) read from the frame memory 54 repre- 
sents a luminance level. Thus a predetermined 
threshold value Ls may be established, and the num- 
ber of pixels Dmn may be accumulated in the vertical 
direction so that 
Dmn > Ls 

The horizontal luminance distribution data h D thus 
obtained provide a semicircle of Fig. 10. The data h D 
are used further for calculations designed to find the 
center of gravity of the circle in the horizontal direc- 
tion, in sub-step F107c, details of which will follow: 

With the data h D (on semicircle) extracted, it is 
assumed that X coordinates stand for position infor- 
mation and Y coordinates for pixel counts, as depicted 
in Fig. 11. It is also assumed that the X coordinates 
Xi ... Xp correspond with Y coordinates ... Yp, re- 
spectively, and that X G represents the center of 
gravity H G of the circle in the horizontal direction. 
Given the above assumptions, one gets 

(x^x^yi + (xz-xc^ + + (x p -XG)y p = O 

Thus the center of gravity X G is given as 
x n yi +X2V 2 + .. + x p y p 

yi + y 2 + + Vp 

After the center of gravity H e (X G ) of the circle in 
the horizontal direction is obtained in sub-step F107c, 
that value of H G is maintained. In sub-step F107d, the 
data that were read from the frame memory 54 in sub- 
step F107a are now accumulated in the horizontal 
direction so as to find the vertical luminance distribu- 
tion data V D . As in sub-step F107c, the center of 
gravity V G of the circle in the vertical direction is cal- 
culated in sub-step F107e from the luminance dis- 
tribution data V D . 

As described, the luminance distribution is calcu- 
lated in the horizontal and vertical directions, and the 
centers of gravity are acquired from the luminance 



distribution data thus calculated. These calculations 
provide the centers of gravity of the circular pattern 
Qm in the horizontal and vertical directions, i.e., coor- 
dinates H G and V G representing the beam center posi- 
5 tion in the frame memory 54. In sub-step F107f, the 
CPU 55 supplies the system controller 56 with the 
coordinates (H G , V G ) as the beam center position 
coordinates. 

Thus the beam center position of the CRT 10 in 
w the region a, is obtained by the CPU 55 in terms of the 
coordinates (H G , V G ) in the frame memory 54. In step 
F108, the system controller 56 compares the coordi- 
nates of the beam center position with the coordinates 
(H c1 , V c1 ) representing the center point C lm of the reg- 
is ion a 1t the latter coordinates having been calculated 
beforehand. Following- the comparison-based deci- 
sion in step F109, the system controller 56 controls 
the video signal processor 1 so as to adjust the actual 
registration in step F110. Steps F105 through F108 
20 are repeated until the coordinates (H G , V G ) coincide 
eventually with the coordinates (H c1 , V c1 )in step F109. 

With the CRT 10 thus adjusted, a green image of 
the round pattern Q in Fig. 7 is generated by the pat- 
tern generator 50. The registration of the CRT 20 is 
25 adjusted likewise with the green image in steps F1 1 1 
through F116. Thereafter, a blue image of the round 
pattern Q is generated by the pattern generator 50; 
the registration of the CRT 30 is adjusted likewise in 
steps F1 17 through F122. 
30 The steps described above accomplish automa- 

tic adjustment of the registration in the region a v For 
each of the regions a 2 through a 25 , a red, a green and 
a blue circle are generated. Each of these circles has 
its center coincide with each of the center points (C 2 
35 through C 25 ). The same adjustments are carried out 
when the beam center positions of these regions are 
detected and compared respectively with the center 
points (C 2m through C 25ro ) in the frame memory 54. 
With the above embodiment, the beam center 
40 position is obtained by calculating the center of gravity 
of a round pattern. Alternatively, dot patterns, lozenge 
patterns or other patterns may also ba used for calcu- 
lation 

Also with the embodiment, the beam center posi- 
45 tion is compared with the center point of each of the 
divided regions (C 2m through C 25m ). each region's 
center point being taken as reference for adjustment. 
However, any position may be calculated for refer- 
ence as long as it is located within the region enclosed 
50 by Pi, P 2 , Pa a nd p * in tne frame memor y 54 - ,tfo,,ows 
that reference values for adjustment may be 
established in many ways for various display pattern 
images for adjustment, and that there are diverse 
ways in which to compare the reference values with 
55 the observations. Furthermore, the screen regions 
are not limited to the regions ^ through a 25 . In some 
cases, there may be no need to divide the video dis- 
play area into smaller regions. 
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In any case, the display adjustment method as 
embodied above according to the invention involves 
having the four corners of the video display area 40a 
of the screen 40 determined beforehand by the coor- 
dinates of P 1f P 2 , P 3 and P 4 in the frame memory 54. 5 
The reference positions for adjustment in the video 
display area 40a are calculated from the coordinates 
(H p „ V p1 ), (H p2 , V p2 ), (Hps, V p3 ) and (H^, V^), and are 
held as they are in the frame memory 54. Moreover, 
the information obtained from the pattern image pro- 10 
jected onto the screen 40 is acquired as coordinates 
in the frame memory 54. Therefore, the relative 
positional relationship between the reference coordi- 
nates and the coordinates of the information obtained 
from the pattern image is fixed in units of adjustment 15 
steps. That in turn means there is no need to desig- 
nate precisely the positional relationship between the 
screen 40 and the TV camera 51 at the time of the 
adjustment based on beam position detection. 

Although the description of the above em bod i- 20 
ment has centered mainly on the adjustment of regi- 
stration in the projector, the invention may be applied 
to all kinds of adjustments involved in detecting the 
beam position with image input means of an image 
output device. Such adjustments include those of con- 25 
vergence and raster distortion with the monitor CRT. 

As described and according to the embodiment of 
the invention, the entire video display area is deter- 
mined by the coordinates of four points in memory 
means. The coordinates of first points to be obtained 30 
based on a pattern image are calculated from the 
coordinates of the four predetermined points. The 
coordinates of the first points are then compared with 
those of second points determined based on the pat- 
tern image. The result of the comparison permits 35 
effective video display adjustment. In this manner, 
there is no need to determine precisely the positional 
relationship between the video display area and the 
image input means when the projector or monitor is 
adjusted. This provides the benefit of drastically sim- 40 
plified procedures for video display adjustment. 

As many apparently different embodiments of this 
invention may be made without departing from the 
spirit and scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments 45 
thereof except as defined in the appended claims. 



Claims 

50 

1 . An adjustment apparatus for use with a video dis- 
play having a display member for displaying an 
image, said apparatus comprising: 

an image input member for producing 
image data corresponding to a displayed image 55 
and its immediate surroundings; 

means responsive to said image data to 
control said display member so as to adjust the 



position of said displayed image relative to its 
immediate surroundings. 

2. An adjustment apparatus for video display, com- 
prising: 

a display member for displaying a video 

image; 

an image input member for inputting the 
displayed image of said display member; 

memory means for memorizing the image 
taken by said image input member; 

calculating means for calculating position 
data from the memorized data in said memory 
means; 

signal generating means for generating a 
video signal for adjustment of said display mem- 
ber; and 

system control means for controlling said 
signal generating means. 

3. An adjustment apparatus for video display as 
claimed in claim 2, wherein said calculating 
means calculates four edge positions for the 
video image taken from said display member. 

4. An adjustment apparatus for video display as 
claimed in claim 2 or 3, wherein said display 
member is a video projector having a projecting 
member and a screen. 

5. An adjustment apparatus for video display as 
claimed in claim 2 or 3, wherein said display 
member is a cathode ray tube. " ' 

6. An adjustment apparatus for video display as 
claimed in claim 2 or 3, wherein said display 
member is a liquid crystal display. 

7. A method of adjusting a video display having a 
display member for displaying an image, said 
method comprising the steps of: ^ 

producing image data corresponding to a 
displayed image and its immediate surroundings; 

responding to said image data to control 
said display member so as to adjust the position 
of the displayed image relative to its immediate 
surroundings. 

8. An adjustment method for video display compris- 
ing the steps of: 

displaying a predetermined pattern; 
taking a video image of the displayed pre- 
determined pattern; 

memorizing the taken image; 
calculating positions from the memorized 

data; 

controlling the generation of a signal from 
the calculated data; 
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generating an adjustment pattern control- 
led by the calculated data; and 

displaying the signal generated as an 
adjustment pattern again. 

9. An adjustment method for video display as 
claimed in claim 8, wherein the position calculat- 
ing step calculates four edge positions of the 
taken video image. 

10. An adjustment method for video display as 
claimed in claim 9, wherein the position calculat- 
ing step calculates first reference positions from 
said four edge positions and second reference 
positions from said memorized data. 
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